Mutagenic efficiency was defined by Konzak et al. in 1965 as the ratio mutation/biological damage factor. His formula considers that mutagens always causes damage, but it has been shown that low doses of gamma-rays stimulate seedling growth. In this situation a negative value for damage is obtained with a negative mutagenic efficiency rate. This has no biological interpretation and the notion of range for mutagenic efficiency variation is also lost. An alternative index for mutagenic efficiency, which is a modification of the formula, is proposed [mutation factor (1-damage/100)]. This index is more general, with known limits and positive results, thus overcoming some of the limitations found in the original formula.
INTRODUCTION
According to Gustafsson and Gadd (1966) , De Vries was, in 1901, the first scientist to use artificial mutation in genetic breeding. Since then, the artificial mutation technique has been used to develop several cultivars (Micke et al., 1985) . However, the technique used is labor intensive and produces a low frequency of mutation which is difficult to detect. The increase in the dosage of the mutant agents in order to increase the mutation frequency often results in more than proportionally unfavorable effects in the target populations. Ehrenberg et al. (1958) , among others, introduced the terminology mutation efficiency to compare the effects of ionized radiation and mutant chemical agents. The efficiency is evaluated by the induced mutation rate relative to other undesirable biological effects such as lethality and sterility which cause mutant elimination. Konzak et al. (1965) and Nilan et al. (1965) defined mutation efficiency as the "mutation factor"/"biological damage" ratio. The criteria used to evaluate the biological damage were seedling height, survival, meiotic and mitotic chromosomal aberrations and, specially, the "mutant factor/ sterility" ratio.
The mutant efficiency can be evaluated by the ratios Msp/L, Msp/I and Msp/S , where: Msp = Mutations / 100 M1 spikes; L = % of survival reduction; I = % of seedling height reduction; S = % of reduction in fertility. Konzak et al. (1965) formulas always consider mutagenic substances as damage-causing agents and, consequently, the percentage of loss will be always positive. However, low doses of gamma radiation frequently cause stimuli, resulting in a negative "I" value and negative and meaningless efficiency values.
In the present work, a modification to the formulas of Konzak et al. (1965) , is presented to make them more general and always positive.
MATERIAL AND METHODS
An example of the derivation will be given for the Msp/I efficiency because the "I" damage is sometimes involved in negative efficiencies. From Konzak et al. (1965) original formula:
Where: Msp = number of mutations per 100 M 1 spikes I = % of seedling height reduction Nm = number of mutations Np = number of M 2 seedlings To = height of the seedling control Tr = height of seedling due to mutagenic treatment The theoretical limits of these indexes are shown below for comparison:
The index of Konzak et al. (1965) gives rise to values without interpretation when Tr = To (the efficiency has an infinite value) or when Tr > To (causing a negative efficiency), whereas the proposed index always has a positive value.
Results from a study of mutagenic efficiency combining gamma rays and sodium azide (Montalván, 1995) were used to illustrate the application of the proposed efficiency index. Table 1 shows the estimates of Msp, I, Msp/I and Msp(1-I/100) reported by Montalván (1995) . The highest and the lowest points correspond to the Msp/I from treatment (pH 3 and 15Kr) with the value 6.33/3.18 and treatment (pH 7 and 15 Kr) with the value 4.6/-2.68, respectively. At the lowest point the effect of the stimulus of a negative I is observed. This situation precludes an understanding of the range of efficiency variation. On the other hand, when the control treatment (Treatment 1, Table 1 ) is considered as a reference to the calculation of the damage caused by the mutagenic treatments, it assumes the value zero, and therefore the calculation of its efficiency is impossible. Generally the controls, however, have a value for the factor of mutations originating from spontaneous mutation. Therefore, the control has an efficiency value which could be considered as a reference when analyzing the efficiency of mutagenic treatments. In the alternative proposed index, it is possible to calculate the efficiency of the controls. Depending on the value of the spontaneous mutation measured by the control, a more exact efficiency index will reduce this effect in the mutation treatment factor. This index would be: Konzak et al. (1965) established that the mutagenic efficiency is directly related to the mutation factor and inversely related to damage. However, as the mutation factor, based on the panicles (Msp) or the seedlings (Msd) has much lower values than the damage, the efficiency calculations are largely affected by the damage values. Thus, the possibility of differentiating the efficiency of the treatments is reduced.
RESULTS AND DISCUSSION
In the proposed index, the efficiency is calculated as being directly related to the mutations factor (corrected or not) and to the prevented or avoided damage effect (1-I/100). Thus, negative values are avoided in the efficiencies, and the damage is magnified without reducing its importance.
The oversensitivity of the Konzak et al.(1965) index is due to low values of I, as can be seen in Tables 2 and 3 that show the efficiency values calculated from simulations, and also in Figure 1 that shows data from the diagonals, with a negative slope of Tables 2 and 3 . Figure 1 shows, in a single graph, the multiple calculation of both indexes with the use of these diagonals. It can be seen that the index of Konzak et al. (1965) acquires large values when Msp = 2.51 and I = 0.15. The proposed index has a value of 2.506 which supports the findings of other simulated situations.
The index of Konzak et al. (1965) also has a tendency to rise after the observed peak and decline slightly when a high I value (I = 90) is used. The decrease is proportionally greater in the case of the proposed index, indicating that it emphasizes damage, showing sharper falls in the efficiency (from 16.3 to 4.8 in Figure 1 ).
The oversensitivity of the Konzak et al. (1965) index, in relation to extreme damage values and negative efficiencies, leads to the reference loss of the extremes of the mutation efficiency index. This can be considered a limitation of the method. Theoretically, this index goes from negative to positive values, both without known limits. The proposed index has established theoretical limits. The ideal mutagenic index happens with a 100% mutation factor and 0% damage factor. This index cannot be calculated using Konzak et al. (1965) formulas, and a damage value near zero efficiency could suddenly rise. This does not happen with the proposed index. Zero, or near zero damage values result in similar values for a determined mutation factor.
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